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(54) Optical recording medium, media tracking method and recording/reproducing apparatus 



(57) An optical recording medium capable of obtain- 
ing a large reproduced signal from the recoded mark, a 
large reproduced signal of a pre-pit and a large tracking 
signal both in an area of the grooves and an area of the 
pre- pits, which provides a sufficient time allowance for 
switching tracking to that suitable for the area of the 
grooves or to that suitable for the area of the pre-pits. 
An optical recording medium comprising a substrate 
whereon tracks each comprising at least of writable 



grooves (G) and pre-pits (PP) deeper than or equal to 
the grooves are formed and areas of a relatively shallow 
pits are each provided between an area of the deep pits 
and an area of the grooves. The depth Dg of the 
grooves, the depth Dsp of the shallow pits and the depth 
Ddp of the deep pits satisfy the following conditions: Dg 
< X/(8n), V(8n)< Ddp < A/(4n) and Dg ^ Dsp < Ddp. 
Tracking method is switched over in the shallow pit area 
when recording or reproducing information on the opti- 
cal recoding medium. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a writable and s 
rewritable optical recording medium, a tracking method 
for the medium and an optical recording/reproducing ap- 
paratus for recording and reproducing information on/ 
from the optical recording medium. 
[0002] Recently, writable and rewritable optical discs, 
which are used as storage means for personal comput- 
ers and as package media for music and video informa- 
tion, have been developed to achieve higher recording 
density. 

[0003] Each optical disc has a writable and rewritable 
area and a pre- pit area previously formed as a pit ther- 
eon for storing information that must not be erased, 
[0004] Portions other than the pre-pit area are writa- 
ble areas in which "grooves (track)" and "lands (not 
track)" are formed. 

[0005] A typical structure of a conventional optical 
disc is shown in Figs. 1 and 2. Figure 1 is a plan view 
and Fig. 2 is a perspective, partly in cross -section, of 
the optical disc. 

[0006] In Fig. 2, G denotes a groove, L denotes a land 
and PP denotes a preformed pit (hereinafter referred to 
as pre-pit). A laser light beam 3 is collected by an ob- 
jective lens 2 and illuminates the recording surface of 
the disc through a substrate 1 . The grooves G are nearer 
to the objective lens 2 than the lands L. The lands L, 
grooves G and pre-pits PP are coated with a recording 
layer (not shown) made of magneto-optical material or 
phase-change material or photosensitive dye material. 
In the shown case, record marks M are recorded in 
grooves. This is because marks recorded in grooves 
can achieve higher quality of reproduced signal than 
marks recorded on lands between the grooves. 
[0007] The following is an example of a method for 
optimally selecting a depth of the groove G and a depth 
of the pre-pit PP to be formed on an optical disk. 
[0008] The example represents the experimental re- 
sults made on optical discs, which have the same track 
pitch (inter-groove~distance) of 0.74 microns but differ 
from each other by their groove depth Dg and pre-pit 
depth Dp, by using an optical system composed of a 
laser emitting a light beam of a wavelength X = 650 nm 
and an objective lens NA0.6. The groove G and the pre- 
pit PP are of 0.35 microns in width. The recording layer 
made of phase-change material In AgSbTe was applied. 
The recording and reproducing were carried out by ro- 
tating each disc at a linear velocity of 3.5m per second. 
[0009] Figure 3 shows amplitudes of reproduced sig- 
nals obtained, respectively, from marks recorded in 
grooves of different depths Dg and from pre-pits having 
different depths Dp. 

[0010] More specifically, a number of optical discs 
having different groove depths Dg and different pre-pit 
depths Dp were subjected to measurements of ampli- 



tudes of reproduced signals obtained from 0.3 micron 
long marks recorded in grooves G and amplitudes of re- 
produced signals obtained from 0.3 micron long pre-pit. 
[0011] The measurement results shown in Fig. 3 indi- 
cate that the marks recorded in shallower grooves have 
larger amplitude of reproduced signals, i.e., better S/N 
ratios. This means that it is preferable to decrease the 
depth Dg of groves G to improve the S/N ratio of repro- 
duced signals of marks thereof. This offers a great ad- 
vantage in particular for discs of higher recording den- 
sity. 

[0012] On the other hand, tracking of a light beam fo- 
cused on groove G is needed to achieve orderly record- 
ing information in the form of marks M in the grooves G 
and precisely reproducing the information. For this rea- 
son, the depth of the grooves G must be decided in view 
of an amplitude characteristic of a signal reproduced 
from the mark and an amplitude characteristic of track- 
ing signal (i.e., a push-pull signal) obtained on the basis 
of an average intensity distribution of light components 
reflected in a direction perpendicular to a direction of the 
grooves G. 

[0013] Figure 4 is a graph showing the dependence 
of amplitudes of push-pull signals obtained from 
grooves G and from pre-pits PP upon groove depth Dg 
and pre-pit depth Dp respectively. In the graph, X de- 
notes a wavelength of a light beam and n denotes a re- 
fractive index of a substrate of an optical recording me- 
dium. 

[0014] As seen from the graph, the maximal ampli- 
tude of the push-pull signal can be obtained when the 
groove depth Dg or the pre-pit depth Dp is equal to A/ 
(8n). This means that the grooves G having the depth 
Dg of X/(8n) are desired for obtaining push-pull signals 
being large enough to achieve the precise tracking. 
However, in view of the amplitude of the reproduced sig- 
nal obtained from a mark, it is preferable to select the 
groove depth Dg being smaller than X/(8n). For exam- 
ple, a depth value indicated by A in Figs. 3 and 4 is about 
20 nm at X =* 650 nm and n=1 .5 and it is preferable to 
obtain a large push-pull signal as well as an improved 
S/N ratio of the reproduced signal of the mark. 
[0015] On the other hand, it is found from the relation- 
ship between the pre-pit depths Dp and amplitudes of 
reproduced pre-pit signals (Fig. 3) that the amplitude of 
the reproduced pre-pit signal can achieve a maximal 
value at the pre-pit depth Dp of X/(4n) and decreases as 
the pre-pit depth Dp decreases. Hence, a depth value 
B (about 100 nm in Figs. 3 and 4) may be selected as 
the pre-pit depth Dp. This selection, however, may be 
accompanied by decreasing the amplitude of the push- 
pull signal at the pre-pit depth of about X/(4n) as shown 
in Fig. 4. Namely, it is difficult to increase both the am- 
plitude of the reproduced pre-pit signal and the ampli- 
tude of the pre-pit push-pull signal. 
[0016] In other words, it is difficult to use the push-pull 
signals for tracking in the pre-pit areas. Therefore, the 
use of differential phase detection (DPD) method, which 
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is different from the push-pull method by its detection 
principle, is desirable for tracking in the pre-pit area. 
This method obtains information necessary for tracking 
by detecting a change of a refraction pattern of light 
beam illuminating the surface of the optical recording 
medium (optical disk) and reflected therefrom, or by de- 
tecting the differential phase of the refraction pattern 
change. 

[0017] Figure 5 shows the relationship between the 
depths Dp of pre-pits and the amplitudes of DPD signals 
obtained from the pre-pits. 

[0018] As shown in Fig. 5, the DPD method is suited 
to tracking in the pre-pit areas since it can obtain a large- 
amplitude tracking signal from pre-pits having the depth 
Dp of about X/(4n) f at which the tracking signal obtained 
by the push-pull method has a very small amplitude. 
[0019] Returning to Fig. 1, problems Involved In an op- 
tical recording medium having grooves and pre-pits will 
be discussed. Figure 1 is a plan view of an optical re- 
cording medium constructed of grooves G having the 
depth Dg of A and pre-pits PP having the depth Dp of B. 
[0020] The combination of the selected grooves G 
having the depth Dg=A with the selected pre-pits PP 
having the depth Dp=B requires switching from the 
tracking method for the groove areas to the tracking 
method for the pre-pit areas and vice versa. Namely, the 
push-pull method is applied to a groove area while the 
DPD method is applied to a pre-pit area. Otherwise, ef- 
fective tracking signals cannot be obtained. 
[0021 ] The switching of tracking methods is desirable 
to be carried out within a very nallow area designated 
for this purpose. The reason is as follows: If the switch- 
ing operation timing was shifted out of the tracking mode 
switching area, mismatched tracking, e.g., the DPD 
tracking would be conducted in a shallow groove area 
or the push-pull tracking would be conducted in a deep 
pre-pit area until the switching operation is accom- 
plished. Consequently, the correct tracking control could 
not be realized. 

[0022] The tracking mode switching area exists be- 
tween the groove area and the pre-pit area. This area 
has a very short -length of several microns. When the 
optical recording medium is rotated at a linear velocity 
of 1 to several meters per second, light beam passes 
this area in only a several microseconds. In other words, 
the tracking mode switching must be done for several 
microseconds. 

[0023] Although only the tracking mode switching can 
be conducted in a moment by means of an electronic 
switch, it is still needed in practice to previously recog- 
nize which area, groove area or pre-pit area, is currently 
illuminated by the light beam. This operation normally 
requires several hundred microseconds. In other words, 
the tracking cannot be correctly controlled and hence is 
unstable until the tracking mode switching including the 
recognition of the currently illuminated area is complet- 
ed. This causes misalignment of the mark M out of the 
center of the groove G when recording or a reproduction 



error from the deterioration of the reproduced signal 
when reproducing information. Furthermore, if any ex- 
ternal disturbance is applied to the device, the beam 
spot is shifted from the target track, resulting, in the 
5 worst case, in recording or reproducing no information. 
Namely, there arises a problem of decreasing the sta- 
bility and the reliability of the recording and reproducing 
apparatus. 

[0024] Even if the beam spot position is fixed until the 
10 tracking mode switching is completed, no tracking con- 
trol is conducted for that duration and hence the above 
problem remains unsolved. 

[0025] The pre-pits normally carry non-erasable infor- 
mation such as address information, disc-related infor- 
ms mation, video information, music information etc. The 
grooves are normally vacant allowing the user to write 
desirable information thereon by using the recording/re- 
producing apparatus. In the combination of pre-pits with 
grooves, the user can normally write information in a 
20 groove area following a pre-pit containing an address. 
In this instance, there is still a problem that a groove 
area writable by the user is reduced by providing pre- 
pits of address information. This may be solved by an 
art disclosed in Japanese Laid-open Patent Publication 
25 No. 1 1 -73686, whereby a land pre-pit (LPP) is provided 
in a land area between grooves and is read with a push- 
pull signal. 

[0026] In such a disc consisting of pairs of a groove, 
a pre-pit and a land pre-pit, a portion, e.g., an internal 

30 circumferential area is a ROM area of non-erasable in- 
formation such as disc-related information, video infor- 
mation and music information and another portion fol- 
lowing the ROM area is a writable area (i.e., a groove 
area provided with LPPs) whereon the user can write 

35 any desirable information. The disc of this type can pro- 
vide the user with ROM information prepared by the vid- 
eo and music program providers and allows the user to 
write information by own preferences. 
[0027] As pointed out in the Japanese Laid-open pat- 

40 ent Publication No. 11-73686, the LPP information must 
be obtained as a cross talk over recorded information 
and hence the obtainable signal quality is unstable. As 
seen in Fig. 6B, in the disc having land pre-pits (LPP) 
provided on a deep pre-pit area (depth B) and a shallow 

45 groove area (depth A), the LLPs neighboring to the deep 
pre-pit in comparison with the LPPs disposed In the 
groove area are inferior in its signal quality due to the 
cross-talk of the ROM information. Address information 
cannot be correctly read from that portion. Therefore, 

50 the disc of this type is practically constructed with the 
LPPs only in the groove area and with no LPP in the 
deep pre-pit area as shown in Fig. 6A to prevent inferior 
in its signal quality of ROM information. 
[0028] However, the recording/reproducing appara- 

55 tus, which usually reads address information from the 
LPPs, cannot recognize the address information until a 
light beam enters the groove area of the disc construct- 
ed as shown in Figs. 6A and 6B. Since the recording 
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device obtains address information and then conducts 
recording operation, it cannot record data on the top of 
the groove area of the disc. Namely, there may be an 
area lacking a recorded mark. This means a decrease 
in amount of writable information and the presence of a 5 
(gap) area with no RF-signal between a ROM area and 
a user area on the recoded disc. For a reproducing de- 
vice that conducts tracking based on the differential 
phase detection (DPD) method, the gap area means ab- 
sence of a tracking signal, whereby the beam may be 
out of the track in the area. 

SUMMARY OF THE INVENTION 

[0029] The present invention was made to solve the 
above-mentioned problems. 

[0030] Accordingly, an object of the present invention 
is to provide an optical recording medium capable of ob- 
taining large reproduced signals from recorded marks 
and pre-pits and large tracking signals in groove areas 
and pre-pit areas, and providing time allowance enough 
to switch over tracking mode between groove area and 
pre-pit area; a tracking method for recording and repro- 
ducing on and from the optical recording medium; and 
the optical recording and reproducing apparatus for us- 
ing the optical recording medium. In other words, the 
present invention is intended to provide an optical re- 
cording medium that has the high data-reliability and 
high tracking accuracy and does not allow tracking error 
due to timing error of tracking-mode switching; a track- 
ing method; and an optical recording and reproducing 
apparatus for recording and reproducing information on 
and from the optical recording medium. 
[0031] Another object of the present invention is to 
provide an optical disc that has both a ROM area and a 
user area and has addresses recorded on LPPs on an 
optical disc, on which a recording device can perform 
recording with no gap between the ROM area and the 
user area to form continuous tracks composing the 
ROM area and the user area. 

[0032] Another object of the present invention is to 
provide an optical recording medium comprising a sub- 
strate whereon tracks each comprising of at least 
grooves and pits deeper than or equal to the grooves 
are formed and areas of shallow pits are each provided 
between an area of the deep pits and an area of the 
grooves. 

[0033] Another object of the present invention is to 
provide an optical recording medium, characterized in 
that a depth Dgof the groove, a depth Dsp of the shallow 
pit and a depth Ddp of the deep pit satisfy the following 
conditions: 

Dg < X/(8n), 



X/(8n) < Ddp < JL/(4n) 



and 

Dg ^ Dsp < Ddp, 

where X is a wavelength of a light beam illuminating the 
optical recording medium and n is a refractive index of 
the substrate. 

[0034] Another object of the present invention is to 
provide an optical recording medium, characterized in 
that at least one of the grooves or pit trains in an area 
of the pit is wobblingly formed. 

[0035] Another object of the present invention is to 
provide an optical recording medium, characterized in 
that pre-pits is provided between the grooves. 
[0036] Another object of the present invention is to 
provide a tracking method for optical recording media, 
characterized in that tracking is conducted based on a 
phase difference of reflected light in the areas of the 
deep pits and based on an average intensity distribution 
difference of reflected light in the areas of the groove 
and tracking is switched from the tracking based on the 
phase difference of the reflected fight to the tracking 
based on the average intensity distribution difference of 
the reflected light and vice versa in the areas of the shal- 
low pits. 

[0037] Another object of the present invention is to 
provide a tracking method, characterized in that timing 
of switching the tracking is obtainable from address in- 
formation recorded on the optical recording medium. 
[0038] Another object of the present invention is to 
provide a tracking method, characterized in that timing 
of switching the tracking is obtainable from RF-signal 
amplitude information or RF-signal error information or 
wobble amplitude information. 

[0039] Another object of the present invention is to 
provide an optical recording and reproducing apparatus 
for recording and reproducing information on and from 
any one of the optical recording media, which conducts 
tracking based on a phase difference of reflected light 
in the areas of the deep pits and tracking based on an 
average intensity distribution difference of reflected light 
in the areas of the groove and switches tracking mode 
from the tracking based on the phase difference of the 
reflected light to the tracking based on the average In- 
tensity distribution difference of the reflected light and 
vice versa in the areas of the shallow pits. 
[0040] Another object of the present invention is to 
provide an optical recording and reproducing apparatus, 
characterized in that timing of switching the tracking 
mode is obtained from address information recorded on 
the optical recording medium. 

[0041] Another object of the present invention is to 
provide an optical recording and reproducing apparatus, 
characterized in that timing of switching the tracking 
mode is obtained from RF-signal amplitude information 
or RF-signal error information or wobble amplitude in- 
formation. 
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[0042] Another object of the present invention is to 
provide an optical recording medium comprising a sub- 
strate whereon tracks each consisting of at least an area 
of deep pits, an area of shallow groove and an area of 
shallow pits are formed and pre-pits are provided be- 5 
tween neighboring tracks in the areas of the shallow 
groove and shallow pit. 

[0043] Another object of the present invention is to 
provide an optical recording medium, characterized in 
that a part of the each area of the deep pits is replaced 10 
by an area of the shallow pits. 

[0044] Another object of the present invention is to 
provide an optical recording and reproducing apparatus 
for recording and reproducing information on and from 
the optical recording media, which conducts receiving is 
address information or timing information from pre-pits 
provided between the tracks and starts recording infor- 
mation on a head of a groove formed following the area 
of the shallow pits. 

BRIEF DESCRIPTION OF THE DRAWING 

[0045] Fig. 1 is schematic construction view of a con- 
ventional optical recording medium. 
[0046] Fig. 2 is three-dimensional representation of 
the conventional optical recording medium. 
[0047] Fig. 3 is a graph showing a groove -depth-de- 
pendent amplitude characteristic of a RF signal ob- 
tained from marks recorded in a groove of depth Dg and 
a prepit-depth-dependent amplitude characteristic of a 
RF signal obtained from a pre-pit of depth Dp. 
[0048] Fig. 4 is a graph showing a groove-depth-de- 
pendent amplitude characteristic of a push-pull signal 
obtained from a groove of depth Dg and a pre-p it-depth- 
dependent amplitude characteristic of a push-pull signal 
obtained from a pre-pit of depth Dp. 
[0049] Fig. 5 is a graph showing characteristic ampli- 
tude of a DPD signal obtained from a pre-pit of depth 
Dp, which depends upon the depth of the pre-pit. 
[0050] Fig. 6 illustrates the state of applying LPP to a 
disc having ROM areas and groove areas. 
[0051] Fig. 7 schematically illustrates an optical re- 
cording medium according to the present invention. 
[0052] Fig. 8 is a block diagram showing an example 
of a tracking servo system for recording and reproducing 
Information on the optical recording medium of Fig. 7. 
[0053] Fig. 9 is a block diagram showing another ex- 
ample of a tracking servo system for recording and re- 
producing information on the optical recording medium 
of Fig. 7. 

[0054] Fig. 1 0 schematically illustrates another exem- 
plified optical recording medium according to the 
present invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0055] A preferred embodiment of the present inven- 
tion wilt be described below in detail with reference to 



the accompanying drawings. 

[0056] Figure 7 is a schematic view showing a struc- 
ture of an optical recording medium according to an em- 
bodiment of the present invention. 
[0057] Similarly to the conventional example de- 
scribed before, the embodiment consists of experiments 
made with a number of optical discs having a track pitch 
(inter-groove distance) of 0.74 microns and differ from 
each other by their groove depth Dg and pre-pit depth 
Dp by using an optical system composed of a laser emit- 
ting light beam having a wavelength 650 nm and an ob- 
jective lens NA0.6. 

[0058] The groove width (G) and the pre-pit width (pp) 
were 0.35 microns. The recording layer made of phase- 
change material InAgSbTe was applied. The recording 
and reproducing were conducted by rotating each disc 
at a linear velocity of 3.5m/s. 

[0059] As shown in Fig. 7, the embodiment is featured 
in that an area of pre-pits having a depth Dp=A is pro- 
vided between an area of grooves having a depth Dg=A 
and an area of pre-pits having a depth Dp=B. In this in- 
stance, each disc was prepared with a 700 micron long 
pre-pit area of depth Dp-A. The depths A and B were 
close to 20nm and 1 0Onm respectively, as described be- 
fore with reference to Figs. 2 and 3. 
[0060] As seen from Figs. 4 and 5, both a push-pull 
signal and a DPD signal from an area of pre-pits having 
a depth Dp=A have amplitudes large enough to be 
tracked by the push-pull method and the DPD method 
respectively. 

[0061] Accordingly, switching of the tracking method 
may be accomplished in a pre-pit area having the pre- 
pit depth Dp of A. This area is formed of a large length 
(700 microns in length in this instance) while the corre- 
sponding area of the prior art example shown in Fig. 1 
is of several microns in length. 

[0062] This area-length corresponds to 200 microsec- 
onds calculated at a linear velocity of 3.5m/s, which en- 
ables a recording and reproducing apparatus to have 
enough time to acquire the timing of switching the track- 
ing method. In other words, an allowance can be pro- 
vided for designing the recording/reproducing appara- 
tus used for recording and reproducing information on 
and from the optical recording medium. 
[0063] Furthermore, It is possible to conduct the track- 
ing control by either the push-pull method or the DPD 
method during the switching process. This eliminates 
the possibility of tracking error and improves the relia- 
bility of the apparatus. 

[0064] If it takes more time to switch the tracking 
mode, the pre-pit area having depth Dp of A may be cor- 
respondingly elongated. 

[0065] Figure 8 is a block diagram of an exemplary 
servo system for tracking the optical recording medium 
shown in Fig. 7. 

[0066] The tracking servo system is capable of 
switching the tracking mode while a light beam moves 
from a pre-pit area of depth Dp=B to a groove area of 
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depth Dg=A through a pre-pit area of depth Dp=A. 
[0067] The reflected light from the disc is collected on 
detector4 with four elements. Output signals of the each 
four elements are summed by a sum amplifier 5 to form 
a so-called RF signal representing a magnitude of re- s 
fleeted light quantity. The RF signal is transferred 
through a demodulator 8 to an address detection circuit 
9, a DPO signal generating circuit 6 for generating a 
DPD tracking signal by detecting a differential phase or 
change in phase of the reflected light and a push-pull 
signal generating circuit 7 for generating a push-pull sig- 
nal based on an average distribution of the reflected light 
in the transverse direction of the track. 
[0068] The address information is usually recorded in 
the form of pre-pit on the deep pre-pit area of depth 
Dp=B. This allows the address detection circuit 9 to de- 
tect the address of the area. The address detection cir- 
cuit 9 detects the end of the deep pre-pit area of depth 
Dp=B based on the detected address information and 
actuates a switch 10 to switch the tracking mode from 
the DPD method to the push-pull method. An obtained 
tracking signal is transferred to an actuator-driver 11 to 
drive a tracking actuator. 

[0069] Tho circuit structure shown in Fig. 8 is de- 
signed to detect the end of an area of deep pits (i.e., the 
beginning of a following area of shallow p re-pits) from 
address information. In case where a shallow pre-pit ar- 
ea appears following a groove area, the end of the 
groove area can be recognized by address information 
recorded on the groove area and tracking method is 
changed in the shallow pre-pit area for tracking in the 
following deep pre-pit area. 

[0070] In practice, address information is usually re- 
corded on marks M previously formed on the groove ar- 
ea, which can be detected by the address detection cir- 
cuit 9. 

[0071 ] The address detection circuit 9 thus construct- 
ed can reliably detect the beginning of a shallow pre-pit 
of an optical recording medium having a known format. 
This assures high reliability of switching the tracking 
method. 

[0072] This is a common merit for an optical recording 
medium, a method of switching the tracking mode on 
the optical recording medium and a recording/reproduc- 
ing apparatus using the same method and the same re- 
cording medium. 

[0073] Even if no mark M is previously formed in the 
groove area, necessary address information can be pro- 
vided by forming each groove G as slightly wobbled or 
forming a specific pre-pit PP on a land L between 
grooves G. The beginning of the following shallow pre- 
pit area can be thus detected. The recording medium, 
the tracking method and the recording and reproducing 
apparatus can possess the same advantageous feature 
of switching tracking method. 

[0074] In this instance, a practical detection circuit is 
constructed by adding the output of the push-pull signal 
generating circuit 7 to the demodulator 8 in the construc- 



tion shown in Fig. 8. However, the format of address in- 
formation to be provided by the wobble of the groove 
and the pre-pit PP on a land L may be different from that 
of the address information provided by the original pre- 
pit PP and the mark on a groove G and, hence, the de- 
modulator 8 must comply with the both formats. 
[0075] The push-pull signal generating circuit 7 usu- 
ally generates a push-pull signal based on an average 
of reflected light of a beam illuminating a recoding sur- 
face of the optical recording medium and, therefore, 
possesses, much or less, the low-pass characteristic for 
eliminating high-frequency components by pre-pits and 
marks. This characteristic of the circuit may affect the 
detection of the address information provided by the 
wobble of the groove G or the pre-pit PP on the land L. 
In this instance, it is needed to provide the demodulator 
8 with a signal extracted from a part before a low-pass 
characteristic stage of push-pull signal generating cir- 
cuit 7. 

[0076] The thus constructed circuitry enables detec- 
tion of the beginning of a shallow pre-pit area with no 
mark formed on a groove G, ensuring reliable switching 
of the tracking method. 

[0077] Figure 9 is a block diagram of another exem- 
plary servo system for tracking on the optical recording 
medium of FIG. 7. 

[0078] An alternative method of detecting the begin- 
ning of a shallow pre-pit area is to detect a change in 
amplitude of the RF signal. The tracking servo system 
shown in Fig. 9 is based on the above concept and re- 
alized in practice by using an amplitude detection circuit 
12 instead of the demodulator 8 and the address detec- 
tion circuit 9 in the system construction of Fig. 8. 
[0079] In this instance, when a light beam moves on 
an optical recording medium (optical disc) from a deep 
pre-pit area to a groove area through a shallow pre-pit, 
a RF-signal may have a large amplitude in the deep pre- 
pit but it has a small amplitude in the shallow pre-pit ar- 
ea. The beginning of the shallow pre-pit can be recog- 
nized by detecting a change in amplitude of the RF sig- 
nal with the amplitude detection circuit 1 2. The tracking 
method can be switched at that time. 
[0080] On the contrary, when the light beam moves 
on the optical disc from the groove area with no mark M 
formed therein to the deep pre-pit area through the shal- 
low pre-pit area, a RF-slgnal appears when the beam 
arrives at the beginning of the shallow pre-pit area. The 
beginning of the shallow pre-pit area can be thus detect- 
ed by monitoring the occurrence of the RF-signal. 
[0081] On the optical disc with a mark M recorded on 
the groove, a RF-signal from the mark M usually has an 
amplitude apparently larger than that of a RF-signal 
from the shallow pre-pit PP. Therefore, the RF-signal 
amplitude degreases when the beam reaches the shal- 
low pre-pit area. 

[0082] As is apparent from the above description, tim- 
ing of switching the tracking mode may be obtained by 
detecting the occurrence of the RF-signal amplitude or 
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a decrease in amplitude of the RF-signal by the ampli- 
tude detection circuit 12. 

[0083] For optical recording media of the type (such 
as phase change type or dye type) whereon marks M 
are recorded in a groove area as a change of its reflec- 
tivity., a large tracking signal enabling the OPD tracking 
method can be obtained from the marks in the groove 
area. In this case, it is possible to detect the marks by 
the DPD method without switching the tracking method 
to the other method. 

[0084] The above system enables the recording/re- 
producing apparatus to detect the beginning of a shal- 
low pre-pit area by using output signal of a RF-signal 
generating circuit that is its essential unit for recording/ 
reproducing information on/from the optical recording 
media. This can save the number of components and 
expenses of the tracking method switching circuit. 
[0085] The following is an alternative method for de- 
tecting a shallow pit area in an area for switching the 
tracking method. 

[0086] For example, an optical recording medium 
having a groove area, a shallow pre-pit area and a deep 
pre-pit area formed in succession thereon is further de- 
signed to have the slightly wobbled groove G and a not- 
wobbled train of pits in the shallow pre-pit area. On the 
other hand, a recording/reproducing apparatus using 
the above optical recording medium is designed to mon- 
itor the push-pull signal. When the apparatus records or 
reproduce information on the optical recording medium, 
the push-pull signal becomes not to reflect a wobble 
component of the groove as soon as the beam just left 
the groove area and entered the shallow pre-pit area. 
The tracking method can be switched to the suitable one 
at the timing when detecting no existence of a wobble 
component in the push-pull signal. 
[0087] The above system is capable of detecting the 
beginning of the shallow pre-pit area, regardless of pres- 
ence/absence of marks recorded in the groove G, and 
switching the current tracking method to the method 
suitable for tracking in the following deep pre-pit area. 
[0088] On the contrary, the optical recording medium 
having a wobbledjtrain of the pre-pits PP in the pre-pit 
area thereof (instead of the groove) may be used. In this 
instance, a sequence of a deep pre-pit area, a shallow 
pre-pit area and a groove area may cause a push-pull 
signal to decrease Its amplitude in the deep pre-pit area 
and increase its amplitude in the shallow pre-pit area, 
thereby correspondingly increasing the amplitude of a 
wobble component in the push-pull signal from the shal- 
low pre-pit area. Accordingly, the beginning of the shal- 
low pre-pit area can be detected by detecting the in- 
creased amplitude of the wobble component in the 
push-pull signal. At this moment, the current tracking 
method may be switched to the method suitable for 
tracking in the following groove area. 
[0089] The above system can use a simple detection 
circuitry in comparison with the system for detecting the 
beginning of the shallow pre-pit area based on the ad- 



dress information. 

[0090] Although the depth Dg of a groove G area and 
the depth Dsp of a shallow pre-pit PP are equal to A in 
the shown embodiment, it is obvious from the concept 

s of the invention that the groove depth Dg and the shal- 
low pre-pit depth Dsp may be different from each other 
and the shallow pre-pit PP may have any suitable depth 
Dsp so that both the push-pull signal and the DPD signal 
may be large enough for tracking. 

w [0091] The groove depth Dg and the pre-pit depth Dp 
on an optical recoding medium according to the present 
invention may be expressed in the general relations to 
be satisfied: 

is (1 ) The groove depth Dg must be selected from 
such a range of Figs. 3 and 4 that both a reproduced 
signal from a mark M and a push-pull signal are 
compatible with each other. It Is desirable to be: Dg 
< A/(8n). 

20 (2) The depth Ddp of the deep pre-pit must be se- 
lected from such a range of Figs. 2 and 4 that both 
a reproduced signal from a pit and a DPD signal are 
compatible with each other, ft is desirable to be: XJ 
(8n) < Ddp < X/{4n). 

25 (3) The shallow pre-pit depth Dsp is then set to a 
value between the values of the deep pre-pit depth 
Ddp and the groove depth Dg to make the push-pull 
signal (Fig. 4, Fig. 5) and the DPD signal be com- 
patible with each other. Therefore, three depths are 

30 desirable to be: Dg S Dsp < Ddp. 

[0092] The optical recording medium having its 
groove and pit depths selected according to the above- 
described relations is capable of obtaining a suitable 

35 quality of a reproduced signal from each mark in each 
groove, a sufficient amplitude of a push-pull signal for 
tracking therein, a suitable quality of a RF-signal of a 
pre-pit train and a sufficient amplitude of a DPD signal 
for tracking therein. The optical recording medium also 

40 provides a shallow pre-pit area sandwiched between the 
groove area and the deep pre-pit area, wherein tracking 
can be conducted by any tracking signal (push-pull 
method or DPD tracking method) and hence the current 
tracking signal (method) can be switched to the other 

43 tracking signal (method) suitable for the following 
groove area or the deep pre-pit area with a sufficient 
time allowance. 

[0093] The use of the optical recording medium im- 
proves the reliability of switching the tracking method as 

50 well as the reliability of the operation of the optical re- 
cording and reproducing apparatus. 
[0094] In the embodiment, the push-pull method was 
adopted as a tracking method suitable for the groove 
area and the shallow pre-pit area. Alternatively, it is also 

55 possible to apply the differential push pull (DPP) method 
since the dependence of its signal amplitude on the 
groove depth and the pit depth is similar to that shown 
in Fig. 4 for the push-pull signal. 
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[0095] As described before, the present invention has 
as its object the provision of an optical recording medi- 
um consisting of a ROM area and a user area and hav- 
ing address information in a LPP, which medium is ca- 
pable of accurately recording information thereon with 5 
no gap at the boundary between the ROM area and the 
user area to form a continuous track through the ROM 
area and the user area after completion of recording 
thereon. The essence of this concept may be summa- 
rized as follows: In an optical recording medium having 10 
a pit area wherein only reproducible information (ROM 
information) has been recorded in the form of pits and 
a groove area for recording information in the form of 
recorded marks, a shallow pit area is further provided 
between the pit area and groove area and pre-pits rep- 1$ 
resenting address information and timing reference in- 
formation have been separately formed between neigh- 
boring tracks in the shallow pit area and the groove area. 
The address information and timing information (align- 
ing and synchronizing information) necessary for re- 
cording data can be obtained from the shallow pit area, 
thereby information can be accurately recorded from the 
top of the groove area following the shallow pit area. 
This prevents the occurrence of a non-recorded portion 
(gap) on the top of the groove area due to the timing 
error or synchronization error and hence eliminates the 
possibility of losing the recording capacity of the medi- 
um. 

[0096] A practical example of application of the 
present invention will be described below in detail with 
reference to the accompanying drawings. In this embod- 
iment, the experiments were conducted first on a 
number of optical discs having different groove depths 
(Dg) and pre-pit depths (Dp) at a fixed tack pitch 0.74 
microns (a distance between grooves) by using an op- 
tical system consisting of a laser emitting light of 650 nm 
and an objective lens NA0.6. The groove width and the 
pre-pit width were of 0.35 microns. The recording layer 
of the disc is formed of phase change material InAgS- 
bTe. Information was recorded and reproduced on and 
from the disc rotating at a linear velocity 3.5m/sec. 
[0097] The result of the experiments of discs having 
different groove depths (Dg) and different pit depth (Dp) 
are shown in Fig. 3 as the relationship between the 
groove depths (Dg) and amplitudes of signals of the 0.3 
micron long marks written in the groove and the rela- 
tionship between the pre-pit depths (Dp) and the pre-pit 
signal amplitudes. 

[0098] The graph of Fig. 3 indicates that the amplitude 
of the reproduced signal from the mark recorded in the 
groove increases and the S/N ratio is thereby improved 
as the groove depth (Dg) decreases, it is preferable to 
decrease the groove depth (Dg) for obtaining the signal 
having an improved S/N ratio. This feature is effective 
in particular for high-density discs. 
[0099] However, the groove depth cannot be decided 
in view of only the S/N ratio of the reproduced signal of 
the receded mark. Namely, tracking of a light beam 3 



focused on groove is needed to orderly record informa- 
tion in the form of marks in the grooves and then to cor- 
rectly reproduce the information from the marks. For this 
reason, the depth of the grooves must be decided in 
view of an amplitude characteristic of a reproduced sig- 
nal from the mark and an amplitude characteristic of 
tracking signal (i.e., a push-pull signal) obtained on the 
basis of an average quantity distribution of reflected light 
components in a direction perpendicular to a direction 
of the grooves. 

[0100] Figure 4 is a graph showing the relationship 
between the groove depths and the amplitudes of the 
push-pull signals reproduced from the groove area, and 
the relation ship between the pre-pit depths and the am- 
plitudes of the push-pull signals reproduced from the 
pre-pit area. As seen from the graph, the maxima! am- 
plitude of the push-pull signal can be obtained when the 
groove depth Dg or the pre-pit depth Dp is equal to X/ 
8n. This means that the grooves G having the depth Dg 
of X/8n are desired to obtain push-pull signals having a 
value large enough to achieve precise tracking. Howev- 
er, in view of the amplitude of the reproduced signal ob- 
tained from the mark as described with reference to Fig. 
3, it is preferable to select the groove depth Dg being 
smaller than X/8n (for example, a depth value indicated 
by A in Figs. 3 and 4 is about 20 nm). This is a compro- 
mise solution for the amplitude of the push-pull signal 
and the S/N ratio of reproduced signal from the mark. In 
the above term, X designates the laser tight wavelength 
and n designates a refractive index. 
[0101] The depth of the deep pit is now examined. It 
can be found from the relationship between the pre-pit 
depth Dp and the amplitude of the reproduced signal of 
the pre-pit (Fig. 3) that the amplitude of reproduced sig- 
nal from the pre-pit can take a maximal value at the pre- 
pit depth Dp of W4n and decreases in a shallower pre- 
pit. The depth of the deep pit is therefore desired to be 
set near to the value X/4n from the viewing point of im- 
proving the RF signal quality (S/N ratio). However, it is 
noticed that the optical disc device for recording infor- 
mation thereon requires reproduction of so-called ROM 
information recorded on the deep pits. 
[0102] For this reason, the pit depth must be set in 
due consideration of obtaining a sufficient tracking servo 
signal (push-pull signal) according to the push-pull 
method used mainly by the optical disc device for re- 
cording information thereon. According to the graph of 
Fig. 4, the push-pull signal becomes small at the pit 
depth of about A/4n and hence the depth value B (about 
80 nm in Figs. 3 and 4) may be selected as the deep pit 
depth to make the reproduced signal of the above-de- 
scribed pit compatible with the push-pull signal. 
[0103] The selection of the above-mentioned depths 
Dp and Dg enables the recording device to conduct sta- 
ble tracking in the deep pit area and the groove area by 
using the push-pull method and obtain large amplitudes 
of reproduced signals from both pre-pits and marks. It 
is of course possible to select the deep pit depth of about 
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X/4n for the optical disc device for recording information 
if the disc has no need for tracking in the deep pit area 
by using the push-pull signal. 

[0104] The selection of the depth of the shallow pit is 
discussed below. 5 
[01 05] The shallow pit area is provided, not for repro- 
ducing information thereof, but for providing a so-called 
"approach 0 necessary for starting recording of informa- 
tion just on the top of the following groove area. When 
the groove area has pre-pits (i.e., land pre-pits "LPP 0 ) io 
formed between tracks to provide address information 
and timing information necessary for recording informa- 
tion, the preceding shallow pit area must have the same 
pre-pits (LPPs) enabling the recording of the information 
j ust from the top of the following groove area. The depth *5 
of the shallow p re-pit must be decided to be such that 
ensures sufficient reproduction of the LPP information. 
As described before, the LPP is read as a crosstalk sig- 
nal overlaid on the recorded information and hence the 
LPP signal may not have a good quality enough to be 
read if a reproduced signal of the recorded information 
has a large amplitude value. 

[01 06] At the same time, the shallow pit area must be 
adapted to the tracking servo system. If the shallow pit 
area is of a very small depth, a good LPP signal quality 
can be obtained but a push-pull signal cannot be pro- 
duced, making it impossible to do tracking by the push- 
pull method that is mainly applied for the optical disc 
device for recording information thereon. In practice, the 
depth of the shallow pit may be equal to or slightly larger 
than the depth of the groove. The upper limit value is 
estimated at about X/8n according to the result of our 
experiments. 

[0107] In view of the above discussions, we prepared 
an optical disc constructed as shown in Fig. 1 0, wherein 
a shallow pit area having the depth A is provided be- 
tween a deep pit area having the depth B and a groove 
area having the depth A. The LPPs are provided in a 
groove area and pre-pits area having the depth A. A la- 
ser beam is scanned from the left to the right on the disc 
shown in Fig. 10. As seen from Fig. 3, the shallow pit 
area of depth A may produce a small RF signal and a 
relatively large LPP signal. Thus address information 
contained in the LPP can be easily read to adjust timing 
of recording and establish the synchronization. The re- 
cording device can get the address and establish the 
timing in the stage before the beam enters into the 
groove area. Consequently, the device can start record- 
ing information just on the top of the groove. 
[0108] After completion of recording, the optical disc 
has continuous tracks formed thereon by the deep pits, 
shallow pits and the recorded mark in grooves. Figure 
5 shows a relationship between the depth of pre-pits and 
the DPD signal amplitude. A DPD signal having a small 
value of amplitude can be produced from the shallow pit 
whose depth is equal to or more than the groove depth. 
[0109] As described above, all the deep pit area, the 
shallow pit area and the groove area containing record 



marks formed therein allow tracking by DPD method. 
Hence the reproducing device having a DPD tracking 
servo system can continuously track through these ar- 
eas on the optical disc and can reliably reproduce the 
information therefrom. 

[0110] The above optical recoding medium has no 
LPP in the deep pit area, eliminating the possibility of 
decreasing the quality of the S/N ratio or misreading of 
the reproduced signal of so-called ROM information re- 
corded in the form of pits by the interference of the LPP 
signal. On the other hand, the shallow pit area contains 
LPPs similar to those formed in the groove area and 
hence can provide address information and information 
necessary for adjusting the timing and establishing the 
synchronization, thereby enabling the recording device 
to start recording information just on the top of the 
groove area following the above shallow pit area. This 
means that the optical recording medium can be effec- 
tively used from the top of its groove areas, eliminating 
loss of the recording capacity. Furthermore, the capacity 
of the optical recording medium can be further increased 
by replacing a part of a deep pit area by a shallow pit 
area (without forming a separate shallow pit area on the 
optical recording medium). This format may be applied 
when the same information is repeatedly recorded as 
deep pits and some of the repetitions can be eliminated 
with no problem. 

[0111] A method and an optical disc device for record- 
ing on the optical recording medium according to the 
present invention can record information just on the top 
of a groove area by obtaining address information and 
timing information from land pre-pits (LPP) formed be- 
tween neighboring tracks in a shallow pit area and a 
groove area, thus obtaining the optical recording medi- 
um whereon information has been recorded with no gap 
(unused part) using the full recording capacity. At the 
same time, the optical recodthg medium allows contin- 
uously tracking all over the deep pit area, shallow pit 
area and groove area by the DPD method and, hence, 
the recorded information on the optical recording medi- 
um can be suitably reproduced by optical disc reproduc- 
ing devices that uses only the DPD tracking method or 
mainly a DPD tracking servo system. 
[0112] In the above-described embodiment, the opti- 
cal system Including a laser emitting light of wavelength 
650nm and an objective lens NAO.6 was used. Howev- 
er, it is obvious that the effect of the present invention is 
not limited by the optical system. Furthermore, the 
groove depth and the pre-pit depth are not limited to the 
values A and B shown in the embodiment and a variety 
of different groove-and-pit depths in a specified range 
may bo of course applied in tho scope of the present 
invention. Although the above described disc has a shal- 
low pre-pit whose depth is equal to that of the groove, 
it is also obvious that both depths may be different from 
each other and may be such that enables an LPP signal 
to be reproduced. 

[01 13] As described above, an optical discsystem ac- 
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cording to an aspect of the present invention is capable 
of obtaining large reproduced signals from a recorded 
mark and a pre- pit respectively and a large tracking sig- 
nal in both a groove area and a pre-pit area, thereby 
offering the high reliability of records and precise track- 
ing on the disc. 

[01 1 4] The optical disc system can provide a sufficient 
time allowance for switching the tracking mode to the 
tracking method suitable for the groove area or to the 
tracking method suitable for pre-pit area, eliminating the 
possibility of tracking error due to timing-error of switch- 
ing the tracking method. Namely, the stable and reliable 
optical recording/reproducing apparatus can also be 
created. 

[0115] Although an optical disc storing records in 
groves only has been described as an embodiment, the 
present invention can be applicable to a so-called "land- 
groove recording 1 * optical disc that allows recoding In- 
formation both in grooves and lands. 
[0116] An optical recording medium according to an 
aspect of the present invention has a shallow pit area 
between a deep pit area and a groove area and has pre- 
pits (LPP) between neighboring tracks in the shallow pit 
area and the groove area. In the deep pit area, no LPP 
is provided in order not to cause so-called "cross talk" 
that is the inter-track pre-pit information overlaid on 
ROM information. The ROM information is thus protect- 
ed from being misread. 

[0117] In the shallow pit area and the groove area, 
land pre-pits representing address information and ref- 
erence information for timing and synchronization ad- 
justment are formed between the neighboring tracks. It 
is therefore possible to start recording information just 
on the top of the groove area and to continuously track 
the deep pit area, shallow pit area and recorded groove 
area by the DPD tracking method. 
[0118] Furthermore, the shallow pit area can be 
tracked by any of the DPD tracking method and the 
push-pull tracking method. Namely, the optical record- 
ing medium is adapted to use in both a recording device 
for recording information on a unused groove area by 
mainly using the push-pull method and a reproducing 
device for reproducing information recorded on the pit 
area and the groove area by mainly using the DPD 
method. 

[0119] An optical recording medium according to an- 
other aspect of the present invention replaces a part of 
a deep pit area by shallow pits. Thus a groove area, (i. 
e., a user area capacity) does not decrease as com- 
pared with the case of only adding a shallow pits. 
[0120] According to the present invention, it is possi- 
ble to record information just on and after the top of a 
groove area without forming a gap between the pit area 
and the groove area to form continuous tracks of records 
on the optical recoding medium, which can be easily 
tracked and reproduced by a recording/reproducing de- 
vice by using the DPD method. Namely, an optical re- 
coding/reproducing apparatus of high stability and high 



reliability can be created. 



Claims 

5 

1. An optical recording medium comprising a sub- 
strate whereon tracks each comprising of at least 
grooves (G) and pits (PP) deeper than or equal to 
the grooves (G) are formed and areas of shallow 

10 pits are each provided between an area of the deep 
pits and an area of the grooves. 

2. An optical recording medium as defined in claim 1 , 
characterized in that a depth Dg of the groove (G), 

1 5 a depth Dsp of the shallow pit (PP) and a depth Ddp 
of the deep pit (PP) satisfy the following conditions: 

Dg < X/(8n), 

20 

X/(8n) < Ddp < X/(4n) 

and 

25 

Dg € Dsp < Ddp, 

where X is a wavelength of a light beam illuminating 
30 the optical recording medium and n is a refractive 
index of the substrate. 

3. An optical recording medium as defined in. claim 1 
or 2, characterized in that at least one of the grooves 

35 (G) or pit trains in an area of the pits is wobblingly 
formed. 

4. An optical recording medium as defined in claim 1 
or 2, characterized in that pre-pits (PP) Is provided 

40 between the grooves (G). 

5. A tracking method for optical recording media as 
defined in any one of claims 1 to 4, characterized in 
that tracking is conducted based on a phase differ- 

45 ence of reflected light in the areas of the deep pits 
and based on an average intensity distribution dif- 
ference of reflected light in the areas of the grooves 
and tracking is switched from the tracking based on 
the phase difference of the reflected light to the 

so tracking based on the average intensity distribution 
difference of the reflected light and vice versa in the 
areas of the shallow pits. 

6. A tracking method as defined in claim 5, character- 
55 ized in that timing of switching the tracking is ob- 
tainable from address information recorded on the 
optical recording medium. 
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7. A tracking method as defined in claim 5, character- 
ized in that timing of switching the tracking is ob- 
tainable from RF-signal amplitude information or 
RF-signal error information or wobble amplitude in- 
formation. 

8. An optical recording and reproducing apparatus for 
recording and reproducing information on and from 
any one of the optical recording media as defined 
in any one of claims 1 to 4, which conducts tracking 
based on a phase difference of reflected light in the 
areas of the deep pits and tracking based on an av- 
erage intensity distribution difference of reflected 
light in the areas of the grooves and switches track- 
ing mode from the tracking based on the phase dif- 
ference of the reflected light to the tracking based 
on the average Intensity distribution difference of 
the reflected light and vice versa In the areas of the 
shallow pits. 

9. An optical recording and reproducing apparatus as 
defined in claim 8, characterized in that timing of 
switching the tracking mode is obtained from ad- 
dress information recorded on the optical recording 
medium. 

10. An optical recording and reproducing apparatus as 
defined in claim 8, characterized in that timing of 
switching the tracking mode is obtained from RF- 
signal amplitude information or RF-signal error in- 
formation or wobble amplitude information. 

11. An optical recording medium comprising a sub- 
strate whereon tracks each consisting of at least an 
area of deep pits, an area of shallow grooves and 
an area of shallow pits are formed and pre-pits 
(LPP) are provided between neighboring tracks in 
the areas of the shallow grooves and shallow pits. 

1 2. An optical recording medium as defined in claim 1 1 , 
characterized in that a part of the deep pits area is 
replaced by the shallow pits. 

13. An optical recording and reproducing apparatus for 
recording and reproducing information on and from 
the optical recording media as defined in claim 11 
or 12, which conducts receiving address informa- 
tion or timing information from pre-pits (LPP) pro- 
vided between the tracks and starts recording infor- 
mation on a head of a groove formed following the 
area of the shallow pits. 

14. An optical recording medium comprising a sub- 
strate on which are formed tracks, each having a 
groove portion (G), a deep pre-pit portion including 
pits (PP) which are deeper than the groove in the 
groove portion, and a shallow pit portion between 
the groove portion and the deep pre-pit portion, said 



shallow pit portion including pits which are shallow- 
er than the pits of the deep pre-pit portion. 
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FIG. 3 




A Dg, Dp B 



14 



EP 1 111 599 A2 
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FIG. 5 
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(54) Optical recording medium, media tracking method and recording/reproducing apparatus 



(57) An optical recording medium capable of obtain- 
ing a large reproduced signal from the recoded mark, a 
large reproduced signal of a pre-pit and a large tracking 
signal both in an area of the grooves and an area of the 
pre-pits, which provides a sufficient time allowance for 
switching tracking to that suitable for the area of the 
grooves or to that suitable for the area of the pre-pits. 
An optical recording medium comprising a substrate 
whereon tracks each comprising at least of writable 



grooves (G) and pre-pits (PP) deeper than or equal to 
the grooves are formed and areas of a relatively shallow 
pits are each provided between an area of the deep pits 
and an area of the grooves. The depth Dg of the 
grooves, the depth Dsp of the shallow pits and the depth 
Ddp of the deep pits satisfy the following conditions: Dg 
< X/(8n), X/(8n)< Ddp < U(Ax\) and Dg ^ Dsp < Ddp. 
Tracking method is switched over in the shallow pit area 
when recording or reproducing information on the opti- 
cal recoding medium. 
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